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© An adjustable optical component (1), for example 
an optical slit having adjustable slit width, comprises 
a movable member (9) for providing an optical func- 
tion, for example a slit (10) and/or a shutter (11), and 
resilient suspension means (5a-5h, 30, 31) for con- 
necting, the movable member (9) to a frame (12). 
The essential parts of the movable member, of the 
resilient suspension means and of the frame consist 
of microstructures which are made of a common 
base material. Preferably, these parts are manufac- 
tured from a silicon chip by a micromechanical tech- 
nique comprising, for example, anisotropic etching. 
In the case of an optical slit, the movable member 

(9) comprises a plurality of openings of different 
widths which constitute a step slit (10). In order 'to 
adjust different slit widths, the member (9) is moved 
along a line parallel to the center line of the step slit 

(10) , with the force for moving the member (9) being 
applied at opening (13). When the member (9) is 
moved by an external force, the resilient silicon 
beams (5a-5h) are bending and the bars (30, 31) are 



moving. The movable member (9) has an integrated 
shutter position (11). A high reproducibility of the 
adjustment of the center positions of the openings 
constituting the step slit (10) during repeated move- 
ment of the member (9) is ensured. 
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The invention relates to an adjustable optical 
component, for example an optical slit having ad- 
justable slit width. Such a slit is typically used in a 
spectrophotometer for adjusting the width of the 
entrance slit and/or of the exit slit. 

BACKGROUND OF THE INVENTION 

Most spectrophotometers allow to vary the 
widths of the entrance slit and of the exit slit. The 
slit width is increased when the amount of light 
entering the spectrophotometer is to be increased, 
for example in order to improve the signal-to-noise 
ratio The increase of the slit width, however, has 
the consequence that the spectral resolution of the 
' spectrophotometer is deteriorated. On the other 
hand the resolution of a spectrophotometer can be 
improved, at the expense of the signal-to-noise 
ratio, by reducing the slit width. 

There are various prior art solutions for achiev- 
ing variability of the slit width. The simplest ap- 
proach is to provide a replaceable slit which an 
• operator can replace manually by a. slit of a dif- 
ferent width. This approach is of course cumber- 
some and inflexible so that slits with adjustable 
widths have been developed. A disadvantage of the 
existing adjustable slits, however, is that they are 
complex and costly. An adjustable slit is known; for 
example, from US-A- 3,3.9.4 .97Z According to this 
prior art, the entrance slit and the exit slit each 
have a fixed and a movable slit edge, wherein the 
movable edge is moved by means of a resiliency 
flexible arm. The slit adjustment mechanism is 
designed such that the widths of entrance slit and 
of the exit slit are varied simultaneously. The 
known mechanism comprises a very large number 
of individual parts and is thus very complex, result- 
ing in an increased susceptibility to trouble and 
high cost. Another disadvantage is that the center 
of the slit varies when the slit width is varied 
because one of the slit edges remains fixed. Fur- 
thermore, the adjustment of the slit width has to be 
performed manually by an operator. 

Another adjustable slit system is known from 
US-A- 3 508 813. This slit system comprises a 
metafed'quartz disc in which a plurality of slits of 
various widths are concentrically arranged. Two 
opposite slits have the same width, respectively 
and thus form a slit pair which serves as entrance 
slit and exit slit of a monochromator. Different slit 
widths can be selected in discrete steps by rotating 
the disc by a defined angle, respectively. The 
center of the slit is substantially preserved. How- 
ever the reproducibility in the adjustment of the slit 
centers may not be sufficient for very great de- 
mands on the spectroscopic accuracy. 

From US-A- 3 457 004., an adjustable slit for a 
spectroscopic apparatus is known wherein a lever 



mechanism is provided for opening the two edges 
of the slit symmetrically from the center of the slit. 
This construction is mechanically complex, leading 
to high cost and increased probability of failure. 

SUMMARY OF THE INVENTION 

It is thus an object of the invention to provide 
an adjustable optical component, in particular an 
,o optical slit having adjustable slit width which has a 
simpler construction than the known components 
and which ensures high reproducibility in the ad- 
justment of the center position of the component, in 
particular of the slit center. 
, 5 Another object of the invention is to provide an 
adjustable optical component which is easy to 
manufacture with high precision but low cost. 

It is a further object of the invention to provide < 
an adjustable optical component wherein several 
20 optical functions, for example slit function and shut- 
ter function can easily be combined. 

It is another object to create an optical slit 
which ensures high reproducibility in the adjust- 
ment of the slit width. 
25 Accbrding to the present invention, these ob- 
jects are solved by. the subject matter of claim 1. 
The adjustable optical component of the invention 
comprises a movable member for providing an 
optical function, for example an optical slit, and 
so resilient suspension means for connecting the mov- 
able member to a frame, wherein the movable 
member and the resilient suspension means mainly 
consist of microstructures made of a common base 
material, for example a semiconductor material 

35 such as silicon. 

In a preferred embodiment of the invention, the 
microstructures are manufactured by microstruc- 
tural techniques, for example by photolithographic 
techniques which are known as such for producing 
40 micromechanical components. Preferably, an op- 
tical component of the invention is produced from a 
semiconductor chip by removing semiconductor 
material using etching steps whereby the pattern of 
the desired microstructures has been applied pho- 
45 tographically. It is understood,. however, that other 
methods for removing material from the common 
base material could also be used to produce the 
desired microstructures. 

In accordance with an underlying principle of 
so the invention, the essential parts of the optical 
component, i.e., the movable member for providing 
an optical function, and the resilient suspension 
means can be manufactured from a single piece of 
material, for example a semiconductor chip, by 
55 using microstructural techniques. This has the ad- 
vantage that a miniaturized component can be pro- 
duced with very high mechanical precision and that 
the cost for producing the component is low. The 
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components can be produced simultaneously in 
large numbers because a plurality of chips can be 
arranged on a semiconductor wafer and processed 
together at a time. 

The reproducibility in the adjustment of a com- 
ponent of the invention is very high. It is better than 
+ /- 10 nanometers. This is particularly important in 
case of an optical slit wherein the center of the slit 
has to be maintained very, precisely when the slit 
width is changed, especially in photodiode array 
spectrophotometers. Furthermore, the dimensions 
of the slit can be manufactured with very high 
precision. The mentioned features ensure high 
measuring accuracy when the component is used 
in a spectrophotometer. 

It is another aspect of the invention that it 
permits to combine several optical functions in one 
component. Specifically, the invention permits to 
combine a slit having adjustable width and a shut- 
ter in a single component. Various slit widths or the 
shutter position are simply adjusted by a move- 
ment of the component. This is of particular advan- 
tage in a spectrophotometer wherein a shutter 
function is used to measure the dark current for 
performing a signai correction. In addition, a 
wavelength normal for calibration * of the spec- 
trophotometer, such as a holmium filter, an ab- 
sorber, a second order filter, or a mirror can be 
provided in the component of the invention. The 
different optical functions are selected by moving 
the movable member such that the slit or shutter or 
filter , etc., is arranged in the optical axis of the 
spectrophotometer. In the prior art, the mentioned 
functions are performed by different components . 
which are arranged at different positions in the 
spectrophotometer. In contrast thereto, the present 
. invention is a much simpler and more compact 
design which can be produced at low cost, but still 
ensures high mechanical and optical precision. 

A preferred embodiment of the invention is a' 
slit having adjustable width and integrated shutter. 
For this purpose, the movable member which is 
suspended to the resilient suspension means com- 
prises a plurality of openings of different widths 
and an opaque portion corresponding to the .shutter 
position. ' The openings may be connected, thus 
forming a step slit or they may be separated by 
opaque portions. The resilient suspension means 
preferably comprise at least a ' pair of flexible 
beams which are connected to a stationary frame 
and which are manufactured from the same ma- 
terial, typically a semiconductor material, in a com- 
mon manufacturing process. The adjustable slit of 
the invention provides a very good reproducibility 
of the center position of each of the different slit 
openings. In addition, this reproducibility is main- 
tained over a large temperature range. 



Also, the widths of the different openings can 
be manufactured with high accuracy and the edges 
of the openings are sharp and well-defined, thus 
ensuring that the light beam passing through the 
5 slit is precisely defined in its shape and dimen- 
sions. 

In a further development of the invention, the 
frame to which the resilient suspension means are 
connected is fastened to a support at points which 
70 lie on the same line as the centers of the openings 
constituting the adjustable slit. This measure further 
contributes to the temperature stability of the cen- 
ter positions of the slit openings. In order to limit 
the height of the slit openings, an aperture plate 
75 may be provided which can also be manufactured 
by a microstructural technique from the same ma- 
terial as the remaining parts of the slit. 

The resilient suspension means are preferably 
designed such that the movable member carrying 
20 the slit openings move along a straight line. This 
can be achieved in that the resilient beams which 
are connected with their one end to the movable 
member are not directly connected to the frame 
with their other end, but to additional movable bars 
25 which in turn are connected to the frame. These 
movable bars are manufactured in the same pro- 
cess together with the remaining portions of the slit 
by a microstructural technique. In a further devel- 
opment, additional intermediate movable bars and 
30 resilient beams can be provided, leading to a nest- 
ed structure of movable bars and resilient beams. 
This design has the advantage that the path which 
the individual elements have to travel in the adjust- 
ment of different slit widths is reduced as com- 
35 pared to a less complex design so that the bending 
of the resilient, beams is reduced and thus the risk 
of material fracture. Since the risk of fracture of the 
resilient beams is highest at the ends of these 
beams, another simple but effective measure is to 
40 design the resilient beams such that their cross 
section increases towards the ends of the beams 
so that excessive bending at the ends is avoided. 

A further advantage of a slit according to the 
invention is that it can easily be produced with 
45 integrated mechanical stops which limit the move- 
ment of the movable member. These mechanical 
stops provide a precise reference point for the 
movement of the plate carrying the slit and there- 
fore contribute to the accuracy in the adjustment of 
so a desired slit width. 

In summary, a slit according to the invention 
can be manufactured in a simple manner by one 
manufacturing process, wherein a plurality of ele- 
ments, such as slit openings, slit edges, V-grooves 
55 in the slit area which are adapted to the conical 
shape of the light beam, resilient suspension 
beams, connecting bridges, stiffening ribs, bores 
for mounting and positioning and mechanical stops 
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are produced in one process with high precision. 

A slit according to the invention can also be 
used in an advantageous manner in a photodiode 
array spectrometer, i.e., a spectrometer wherein 
the light which has passed through a sample cell 5 
and which has been spatially separated by a dif- 
fraction grating impinges on an array of 
photodiodes. Conventional photodiode array spec- 
trometers have an entrance slit of fixed width. The 
reason is that on one hand the entrance slit in a io 
photodiode array spectrometer has to be adjusted 
very precisely because there is no possibility to re- 
calibrate the spectrometer with sufficient accuracy 
required for good wavelength accuracy, and on the 
other hand there have been no variable slits avail- is 
able which ensure that the precise adjustment is 
maintained when the slit width is changed. The 
present invention, however, provides such a vari- 
able slit which maintains the required optical align- 
ment (i.e., reproducibility of the slit centers) even if 20 
the slit width is changed. Thus, it is possible that 
even a photodiode array spectrometer with high 
wavelength accuracy is furnished with an adjust- ■ 
able entrance slit. 

A further advantage of the invention is that the 25 
adjustment of the slit width can be automated and 
controlled by a microprocessor, either in accor- 
dance with a pre-programmed schedule or in re- 
sponse to instantaneous measuring values, such as 
the light intensity in a spectrometer. For example, 30 
the slit width could be increased if the light inten- 
sity is very small in order to improve the signal-to- 
noise ratio. It is of particular advantage in this 
connection that the. slit width can be changed 
quickly so that reactions even to fast variations in 35 
the light intensity are possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

• Subsequently, embodiments of the invention 40 
are explained in detail with reference to the draw- 
ings. 

Figures 1a and 1b 

show the two main parts of a slit arrangement 
according to a first embodiment of the invention 45 
in a disassembled state. 
Figure 2 

is a magnified view of the slit plate depicted in 
Figure 1a. 

Figure 3 . 50 

shows the slit arrangement according to the first 
embodiment of the invention in the assembled 
state together with drive means for the slit plate. 
Figure 4 

is a schematic cross sectional view of a portion 55 
of the two parts shown in Figures 1a and 1b in 
the assembled state. 
Figure 5 



is a magnified view of the slit edge shown in 
Figure 4. 
Figure 6 

shows a part of a slit arrangement according to 
a first alternative embodiment of the invention. 
Figure 7 

shows a part of a slit arrangement according to 
a second alternative embodiment of the inven- 
tion. 

Figure 8 

shows a part of a slit arrangement according to 
a third alternative embodiment of the invention. 
Figures 9a and 9b 

depict details of a slit arrangement of the inven- 
tion, respectively, for illustrating the reduction of 
• mechanical stress. 
Figures 10a and 10b 

depict two embodiments of a slit plate in a slit 
arrangement of the invention, for illustrating an 
alternative solution for reduction of mechanical 
stress. 
Figure 1 1 

shows a part of a further alternative embodiment 
of the invention for improving spectral resolution 
in a photodiode array spectrometer. 

DETAILED DESCRIPTION OF THE INVENTION 

Figures 1a and 1b show the two main parts of 
a slit arrangement according to a first embodiment 
of the invention in a disassembled state. The two 
depicted parts are processed silicon chips wherein 
the structures shown have been produced by tech- 
niques which are similar to those used in the 
production of semiconductor chips used in elec- 
tronic devices. In the assembled state (see Figure 
3), the first chip 1 shown in Figure 1a is arranged 
on the second chip 8 shown in Figure 1b such that 
the locator holes 21 and 22 of the first chip 1 are 
aligned with the locator holes 21 'and 22', respec- 
tively, in the second chip. 

The first chip 1 comprises a movable plate 9 
with- a step slit 10. The step slit comprises a 
plurality of rectangular openings of different widths, 
corresponding to the different slit widths which can 
be adjusted. The movable plate 9 will be described 
in more detail below with reference to Figure 2. 
The plate 9 is suspended to resilient elements 5a- 
5h which are beams of silicon machined from the 
chip 1. In Figure 1a, the plate 9 and thus the 
resilient beams 5a-5h are shown deflected from 
their position of rest. In this deflected position, the 
beams 5a-5h are bent. The position of rest is 
depicted by dotted lines, such as Sa'and 5c' . In 
this undeflected position, the beams are straight. 

Each of the beams 5a, 5b, 5g, 5h is connected 
with its one end to the outer frame 12 of the first 
chip 1 and with its other end to movable bars 30 or 
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31 as shown in Figure 1a. Each of the beams 5c, 
5d, '5e, 5f is connected with its one end to the 
movable plate 9 and with its other end to the 
movable bars 30 or 31. The inner part of the chip 1 
comprising the plate 9, the bars 30 and 31 and the 
connecting beams is thus freely movable relative to 
the outer frame 12. ThjeJoreeJor^ moving the plate 
9 is applied via the hole 13. 

■ The second chip 8, shown in Figure 1b, com- 
prises an aperture 7, which determines the. height 
of the slit through which the light is transmitted. 
The aperture 7 is located at such a position that in 
the assembled state, i.e., when chips 1 and 2 are 
connected as shown in Figure 3, the center line of 
the step slit 10 is arranged below the center of the 
aperture. The aperture 7 is surrounded by a recess 
29 where the thickness of the silicon chip is re- 
duced. The recess 29 is shown in cross section in 
Figure 4. Also provided in the chip 8 are openings 
25,26, and 28. The opening 28 serves for lead- 
through of the drive mechanism for the moving the 
slit plate 9 as will be explained in more detail in 
connection with Figure 3. The openings 25 and 26 
have the purpose to provide a higher flexibility to 
the chip 8 to allow, in case of temperature 
changes, different thermal expansions between the 
silicon chip and the support (for example alumi- 
num) to which the chip is fastened. A further mea- 
sure for providing increased flexibility is to provide 
constrictions in the frame of the chip, such as 
constrictions 34 and 34' in the frame 14, or con- 
strictions 27 or 27' in the frame 12 of the first chip 
1. These constrictions mainly have the purpose to 
ensure a symmetric expansion behaviour of the 
chips '1 and 8 in case of temperature changes, so 
that the slit centers remain stable. As shown in 
Figures 1a and 1b, the constrictions are arranged 
asymmetrically relative to the center axis of the 
chips; the reason for the asymmetry is that the 
step slit 10 is also arranged asymmetrically relative 
to the chip .center axis. The second chip 8 is 
processed from silicon material with the same tech- 
niques used in the production of the first chip 1. 
The first chip 1 and the second chip 2 are typically 
glued together. An alternative method for connect- 
ing the two chips is anodic bonding. It is under- 
stood that instead of a silicon chip 8 a different 
element for providing an aperture 7'could be used. 
For example, a small metal plate with an aperture 
could be used. A possible choice is electrogalvanic 
plated nickel. 

As can be seen in Figures 1a and 1b, the 
locator holes 21 and 22 in the first chip 1 and the 
center line of the step slit 10 are arranged on a 
common line. The same applies for the locator 
holes 21'and 22' of the second chip 8 and the 
center of the aperture 7. In the assembled state, 
the two chips, one arranged on top of the other, are 



firmly fixed on a base plate (not shown) by means 
of pins or other suitable fixing means which engage 
with the holes 21,21* and 22,22'. Due this construc- 
tion, it is ensured that even in case of temperature 
5 changes the position of the center of the slit 10 
remains fixed. When the base plate is made of a 
material, for example aluminum, which has a dif- 
ferent coefficient of thermal expansion than the 
chip, the fixing of the chip at positions 21 and 22 
w ensures the geometrical stability of the slit center, 
whereas the remaining parts of the silicon structure 
may thermally expand. 

Referring to Figure 2, the plate 9 on which the 
step slit 10 is arranged will be described in more 
75 detail. The plate 9 has the shape of a double T- 
piece, wherein the step slit is located in the smaller 
T-piece and the bore 13 via which a force can be 
applied is located in the larger T-piece. Also shown 
are upper and lower stops 23 and 24, respectively, 
20 which limit the movement of the plate 9. The upper 
and lower stops form a part of the frame 12 of the 
first chip 1. The step slit 10 consists of a con- 
nected series of through-holes, such as holes 32 
and 33. The individual holes have a rectangular 
25 cross section and are arranged such that the cen- 
ters of all holes lie on a common line. As already 
.mentioned, this common line or center line co- 
incides with the line connecting the locator holes 
21 and 22. This common line will subsequently be 
30 referred to as Y-axis. The axis perpendicular to the 
Y-axis in the plane of the plate 9 will be referred to 
as X-axis, and the axis perpendicular to the Y-axis 
as well as to the X-axis, i.e., perpendicular to the 
plane of the paper will be denoted as Z-axis. The 
35 letter F ( or -F) at the hole 13 denotes the force 
which can be applied at this location for moving the 
plate 9 upwards in the positive Y-direction or down- 
wards in the negative Y-direction. The distance 
between the stops 23 or 24 and the opposing edge 
40 ' of the plate 9 is T, respectively, so that the total 
path. which the plate 9 can travel in upward and 
downward movement is 2 times T. 

Due to the mounting of the plate 9 by means of 
the resilient beams 5a-h as shown in Figure 1a, the 
45 centers of the holes 32,33, etc. move along a 
straight line when-the plate 9 is moved. The posi- 
tion 11 indicated as a square of dotted lines cor- 
responds to the shutter position. In other words: 
When the plate 9 has been moved such that the 
so area 11 is located above the aperture 7, the pas- 
sage of light is prevented by the silicon material of 
the plate 9. According to a practical embodiment of 
the invention, the widths of the individual holes 
constituting the step slit 10 are 25, 50, 100, 200, 
55 and 400 micrometers. In such a practical example, 
the beams 5a to 5h have a length of 8 millimeters, 
a width of 75 micrometers and a height of 390 
micrometers. 
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In the following, the drive means for moving the 
plate 9 with the step slit 10 will be described in 
more detail with reference to Figure 3. Figure 3 
shows the two chips 1 and 8 arranged on top of 
each other. A push bar 15 is connected to the plate 
9 by means of a pin 16 which is pressed into the 
push bar and which engages with the hole 13 in 
the plate 9 (see Figure 1a). 

Preferably, a sleeve (not shown) having a cir- 
cular opening is inserted in the hole 13 and glued 
to the edges of the hole 13. The pin 16 is inserted 
into this circular opening so that a rotatable mount- 
ing of the pin 16 to the plate 9 is achieved. The 
other end of the push bar 15 is rotatably mounted 
to an intermediate gear 17 via a pin 18. The gear 
17 engages with a second gear 19 which is moun- 
ted to the drive axis of a miniature stepping motor 
(not shown). Instead of a stepping motor, a mag- 
netic drive, such as a moving coil, could be used. 

The pins 35 and 36 which are arranged in the 
locator holes 21, 2V and 22, 22' respectively, fix 
the micromechanical slit assembly to the housing 
of a spectrometer. Figure 3 shows the side of the 
slit assembly from which the light beam enters. 
The second chip 8 is thus facing the observer in 
this drawing. The light beam passes through the 
aperture 7 and a portion of the beam impinges on 
the plate 9 and the remaining portion passes 
' through the slit which is arranged behind the ap- 
erture. The opening 28 in the second chip ensures 
that the pin 16 can be connected with the plate 9 
of the first chip and that it can be moved across a 
certain distance. 

Figure 4 is a schematic cross section along the 
X-direction through a part of the first chip 1 and the 
second chip 8 in the assembled state. The first 
chip 1 as well as the second chip 2 are made of 
silicon (Si), the surfaces of the chips comprise a 
' thin layer of silicon dioxide (Si02). A light beam 37 
enters the slit assembly through the aperture 7, 
passes through an opening of the step slit and then 
travels further to subsequent components of the 
spectrometer. The optical axis is in Z-direction. A 
recess 29 is provided around the aperture 7 , the 
edge regions of the recess are chamfered. The 
purpose of the recess 29 is to prevent reflections 
of the incoming light beam 37 at the edges of the 
second chip 8. The slit area 2 in the plate 9 is V- 
shaped so that there is sufficient free space for the 
cone of light exiting from the slit. The number 
triples in brackets indicated in Figure 4, for exam- 
ple (111) or (100), denote the crystallography 
planes of the silicon chip. Figure 4 also depicts a 
detail shown within a circle of broken lines and 
having the reference numeral 5. This detail symbol- 
izes one of the resilient beams to which the plate 9 
is fastened as shown in Figure 1a. It is to be 
pointed out, however, that the detail within broken 



lines is not shown in a section along the X-direction 
as the rest of the drawing, but along the Y-direc- 
tion The main purpose of this form of graphical 
representation is to illustrate that the resilient 
s beams are made of the same material as the rest 
of the elements shown in Figure 4 and in the same 
manufacturing process. 

A magnified view of the slit area 2 is shown in 
Figure 5. The slit edges 3 and 4 are formed by the 
,o ends of a silicon dioxide layer 38 and a metal layer 
39 deposited on top of the silicon dioxide layer. 
Thus very precise and flawless slit edges are 
formed which are parallel to each other and have a 
well-defined distance to each other. In an embodi- 
es ment of the invention, the thickness of the silicon 
dioxide layer 38 is about 1 micrometer and the 
thickness of the metal layer 39 Is a few tenths of a , 
micrometer. There is a spacing between the sec- 
ond chip 8 and the plate 9 carrying the step slit 10 
2 o such that the plate 9 is movable across the chip 8. 
The same applies to the silicon beams 5a-5h and 
the movable bars 30 and 31. According to a prac- 
tical example, the spacing between the lower edge 
of the metal layer 39 and the surface of the chip 8 
25 is about 10 micrometers. 

The slit adjustment procedure for adjusting a 
• desired slit width is started in that a controller for 
controlling the stepping motor provides a predeter- 
mined step number to the stepping motor which is 
30 larger than the total path which the plate 9 can 
travel (i.e., two times T, see Figure 2). This is 
performed independently of the actual position of 
the slit arrangement. The plate 9 is then moved 
against one of the two mechanical stops 23 or 24. 
35 This stop position is a well-defined position from 
which the desired slit position is approached by a 
predetermined number of steps of the stepping v 
motor. The relationship between the step number 
and the deflection of the plate 9 is linear to a good 
40 approximation. In an alternative to the above men- 
tioned adjustment procedure, the plate 9 need not 
be moved against the stops 23 or 24 if the actual 
slit position from which a new position is to be 
approached is known. The adjustment of a new 
45 position can then be performed relative to this 
actual position. In a preferred embodiment of the 
invention, the height of each of the individual open- 
ings (for example 32, 33 in Figure 2) constituting 
the step slit 10 is greater than the height of the 
so aperture 7-which is arranged above the step slit. In 
a practical example, the aperture has a height of 
500 micrometers and the openings have a height of 
700 micrometers. Consequently, the requirements 
regarding positioning accuracy in the Y-direction 
55 need not be exceptionally high. 

Any mechanical tolerances or play in the gears 
or in the fit of parts of the slit drive are com- 
pensated by the elastic forces provided by the 
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resilient beams 5a-5h. The currentless static torque 
of the miniature stepping motor is sufficiently large 
for holding the slit arrangement in a stable position, 
even at maximum deflection of the slit plate. A slit 
system according to the invention can be moved 
back and forth several million times with practically 
no deviation of the center of the slit from its ideal 
position. This is an important advantage in spec- 
troscopic applications. In a practical embodiment of 
the invention, the mechanical reproducibility of the 
center of the step slit 10 has been found to be 
better than + /- 10 nanometers. 

In the following, some details of the process for 
manufacturing the slit will be described with refer- 
ence to Figure. 4. Basically, the procedures used in 
the manufacture of the chips 1 and 8 are those 
used for manufacturing microelectronic or micro- 
mechanical components. Anisotropic etching of the 
silicon material, in connection with specific etch 
stops are the basis for the manufacture of the 
slit/beam system constituting the slit arrangement 
of the invention. With anisotropic etching solutions, 
the speed of etching is minimal in the direction of 
the (111) crystallographic planes. The (111) crystal- 
lographic planes thus are limiting for the etching. 
The various crystallographic planes in the silicon 
material are indicated in Figure 4. When deep- 
etching (100) silicon, on which masks with rectan- 
gular openings are provided, V-shaped holes are 
produced having (111) planes as lateral walls. 

In the embodiment explained in connection 
with Figures 1 to 5, the plate 9 with the step slit 10 
moves along a straight line. Such movement along 
a straight line can be achieved because the resil- 
ient beams 5c-5f to which the plate 9 is fastened 
are not directly connected to the frame 12 of the 
chip 1, but to the movable bars 30 and 31. In an 
alternative embodiment shown in Figure 6, a plate 
40 carrying a step slit 41 is fastened to a frame 44 
by resilient beams 42 and 43. Like in the pre- 
viously described embodiment, the plate 40, the 
beams 42,43 and the frame 44 are machined from 
a single chip. There are locator holes 45 and 46 
through which the frame 44 is fastened to a spec- 
trometer. For adjusting different slit widths,' the 
plate 40 is moved by application of a force, illus- 
trated by the arrow F. Since the beams 42 and 43 
are directly fixed to the frame 44, the centers of the 
various holes of the step slit 41 describe a pa- 
rabola instead of a straight line when the plate 40 
is moved. If it is desired that the centers of the 
individual holes which constitute the step slit 41 
coincide when the plate 40 is moved, these holes 
can be arranged along a parabola which is inverse 
to the parabola which is described by the plate 40. 
Thus, the parabolic arrangement of the holes in the 
plate 40 compensates the parabola which the plate 
40 describes during its movement, resulting in the 



reproducibility of the slit centers for various slit 
widths. The embodiment shown in Figure 6 has the 
advantage that it is less complex and requires a 
smaller chip than the embodiment described in 
5 connection with Figures 1 to 5. A certain disadvan- 
tage is that it requires a higher positioning accu- 
racy the in Y-direction and a higher force for mov- 
ing the slit plate. 

Another embodiment wherein the chip size is 
io reduced is shown in Figure 7. A plate 50 with the 
step slit 51 is suspended to a movable bar 53 by 
means of resilient beams 52c - 52f. The movable 
bar 53 in turn is suspended to a frame 54 by 
means of resilient bars 52a, 52b and 52g,52h. The 
75 frame comprises locator holes 55 and 56. The 
force F for moving the plate 50 and thus for adjust- 
ing different slit widths is applied via an extension 
57 of the plate 50. The point where the force F is 
applied is located on a line passing through the 
20 middle of the resilient beams 52c-52f. The centers 
of the holes constituting the step slit 51 describe a 
straight line when the plate 50 is moved. As in the 
previously described embodiments, all the ele- 
ments shown are manufactured from a silicon chip. 
25 The use of double beams, for example beams 52a 
and 52b, reduces the sensitivity to transverse 
forces, i.e., forces acting transversely to the direc- 
tion of the force F which would result in a tilting of 
the plate slit plate. 
30 The processing of a silicon chip for producing 

the microstructures constituting the apparatus of 
the invention typically comprises one or more etch- 
ing steps. Such etching steps, in particular the 
anisotropic etching of the (100) crystallographic 
35 plane in silicon, may lead to unwanted structures in 
convex corners of the chip. Such convex corners 
are typically located at the ends of the resilient 
beams where they are connected to the frame of 
the silicon chip or to the movable silicon bars. The 
40 . unwanted structures may appear as peaks at the 
ends of the resilient silicon beams and cause an 
increased mechanical stress. Such increased me- 
chanical stress may lead to material fatigue when 
the beams are frequently moved back and forth 
45 and finally to rupturing of the silicon structure. In 
order to avoid or to reduce fatigue fracture, several * 
measures can be employed: Generally, the stress 
at the end of a resilient beam is proportional to the 
elongation of the beam. Thus, the stress can be 
so reduced by reducing the elongation of the resilient 
beams, or in other words, the path which the plate 
carrying the step slit has to travel. One possibility 
to reduce this path length is to reduce the heights 
of the holes constituting the step slit, so that the 
55 plate does not have to be moved so far for adjust- 
ing different slit widths. This solution would have 
the disadvantage that the open area of the slit and 
therefore the light throughput would be reduced. 
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A second solution is also based on the idea to 
reduce the elongation of the resilient beams, but it 
does not have the disadvantage of the first solution. 
According to this second solution, a plurality of 
nested resilient beams and moving bars are pro- 
vided such that the total, path travelled by the plate 
carrying the step slit is distributed to a higher 
number of bars than, for example, in the embodi- 
ment shown in Figure 1a. An example for this 
embodiment is shown in Figure 8. The' plate 60 
carries a step slit 61, the force for moving the plate 
60 is applied via the hole 62. The plate 60 is 
suspended via the resilient bars g.hjj to the mov- 
able bars 63 and 64. The movable bars 63 and 64 
are connected to intermediate pieces 68 and 69 by 
resilient beams e,f,k,l. The intermediate pieces 68 
and 69 are movable. The intermediate pieces 68 
and 69 are connected via resilient beams c,d,m,n 
to the movable bars 65 and 66. The movable bars 
65 and 66 are connected via resilient beams 
a b o,p to the frame 67 of the chip. 

When comparing the arrangement shown in 
Figure 8 with the arrangement shown in Figure 8, it 
becomes apparent that the elongations of the in- 
dividual resilient beams (a-p) in Figure 8 are small- 
er than in Figure 1a when the plate carrying the 
step slit ( reference numerals 60 in Figure 8 , and 9 
in Figure 1a) is moved by the same distance, 
respectively. Since the deflections of the beams 
are smaller, there is less stress at the ends of the 
beams, resulting in a reduced risk of fracture of the 

material. . 

A third solution for reducing mechanical stress 
at the unwanted remaining structures near the ends 
of the resilient beams will now be explained with 
reference to Figures 9a and 9b. Figure 9a is a 
detailed view of the junction area of a resilient 
beam 70 to a piece 71 , such as a movable bar or a 
frame as shown in Figures 1a or 8. It can be seen 
that the beam 70 has a uniform thickness. The 
principle of the third solution for reducing mechani- 
cal stress is illustrated in Figure 9b: The thickness 
. of the beam 75 increases towards the end of the 
beam. As shown in Figure 9b, the beam ends in 
several steps 72,73,74 which become larger to- 
wards the piece 77 to which it is connected. In that 
way excessive bending of the beam 75 at its end 
is avoided. Since the critical area is at the ends of 
the beams due to the above mentioned unwanted 
structures, this solution provides a very effective 
way of avoiding material fracture. Resilient beams 
with increasing thickness according to Figure 9b 
can easily be produced in the micromechanical 
' manufacture of the chip constituting the adjustable 
slit system. An advantage of this solution is the 
reduced complexity as compared to the solut.on 
shown in Figure 8. 



A fourth solution for reducing material fractures 
consists in an optimization of the sequence of the 
holes and/or the shutter position on the slit plate. 
This is illustrated in Figures 10a and 10b. Figure 
s 10a depicts a hole sequence as shown in the 
previously described embodiments, Figure 10b de- 
picts an optimized hole sequence. According to 
Figure 10b, the holes which are used more fre- 
quently than others and the shutter position 81 are 
,o arranged near the center of the movable slit plate 
80 In the example shown, the slit width corre- 
sponding to the hole 82 is used most frequently, 
then follow the holes 83,84,85, and 86. Since the 
shutter 81 typically is used quite often, it is also 
,s arranged near the center. The consequence of this 
arrangement of the holes and of the shutter posi- 
tion is that on the average stress reversals take 
place at smaller curvatures of the resilient beams. 
Thus the risk of fatigue fracture is reduced. It is 
20 understood that combinations of the mentioned four 
solutions are possible to still further reduce any 
remaining fracture problems. 

It is understood that various modifications to 
the above described specific embodiments of the 
25 invention are possible. For example, the invention 
is not limited to an adjustable slit, but other optical 
functions can also be integrated in the component 
of the invention, such as a shutter, a wavelength 
normal, a second order filter, an absorber or a 

30 mirror. 

A further optical function which can be per- 
formed with an adjustable component of the inven- 
tion will now be described with reference to Figure 
11 In accordance with this embodiment, the spec- 
35 tral resolution of a photodiode array spectrometer 
can be improved. The technical principle for resolu- 
tion improvement consists in a stepwise shifting of 
the spectral information impinging on the 
photodiode array along the array. This principle has 
4 o been developed from the resolution improvement 
method disclosed in EP-A-0 320 530. Figure 11 
shows a slit plate 90 in accordance with the 
present invention comprising several openings 92- 
96 and a shutter position 91. The elements for 
45 suspending the slit plate 90 and for moving it 
substantially correspond to those disclosed in the 
above described embodiments of the invention. 
Subsequently, the method of the present invention 
for improving resolution will be explained, starting 
so from some general considerations on photodiode 
array spectrometers. 

The distance d between two diodes in a 
photodiode array is constant. When the spectrom- 
eter slit is moved in X-direction out of its center 
55 position, the spectral information is moved relative 
to the diode array. When the slit is moved by a 
distance d in X-direction, the spectrum will also 
move by a distance d so that the same spectral 
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information is obtained on the photodiode array as 
before the movement, but it is shifted by one 
diode. When the slit center position is shifted in 
predetermined steps, whereby each of the steps is 
smaller than d, the resolution can be improved as 
explained in EP-A-0 320 530. In accordance with 
an embodiment of the invention, the stepwise 
movement of the slit center is achieved by provid- 
ing an arrangement of slit openings as shown in 
Figure 11 , wherein the openings have an offset in 
. X-direction relative to each other corresponding to 
the desired step width, and by stepwise movement 
of the slit arrangement in Y-direction. Example: The 
distance between two diodes is 25 micrometers. 

It is assumed that the spectrum is to be shifted 
in steps of 5 micrometers. Thus, five slit openings 
92-96 are required, having a distance between their 
center positions of 5 micrometers. By the way, a 
sixth slit opening would not provide any additional 
gain in spectral information. Spectra obtained with 
the slit openings 92-96, respectively, are succes- 
sively recorded. With the opening 92, a spectrum 
at relative position 0 micrometers is recorded, with 
the opening 93, a spectrum at relative position 5 
micrometers is recorded, etc. Thereafter, the re- 
corded spectra are processed to derive a spectrum 
with improved resolution. 

Claims 

1. An adjustable optical component comprising : 

a) a movable member (9) for providing an 
optical function, for example a slit (10), 
shutter (11), or filter function, 

b) resilient suspension means (5a-5h, 30, 
31) for connecting the movable member (9) 
to a frame (12), wherein, 

c) the movable member (9) and the resilient 
suspension means (5a-5h) mainly consist of 
microstructures made of a common base 
material. 

2. Optical component as in claim 1, wherein the 
essential parts of the movable member (9), of 
the resilient suspension means (5a-5h), and of 
the frame (12) are manufactured from a single 
chip (1) by a microstructure technique, for ex- 
ample by a micromechanical technique com- 
prising anisotropic etching. 

3. Optical component as in claim 1 or 2, wherein 
the movable member (9) comprises : . 

- a plurality of openings (32,33) of different 
widths for providing a slit of adjustable 
width, and 

- an opaque portion (11) for providing an 
optical shutter. 



4. Optical component as in claim 3, wherein the 
plurality of openings (32,33) are arranged on 
the movable member (9) such that the centers 
of. the openings (32,33) lie on a common line 

5 (Y-axis) and wherein the movable member (9) 

is movable along a line which is parallel to this 
common line. 

5. Optical component as in claim 4, comprising 
w mounting means (21,35; 22,36) for fixing the 

frame (12) to a support, said mounting means 
being arranged substantially along the line (Y- 
axis) of the centers of the openings (32,33). 

75 6. Optical component as in any of the claims 3 to , 
5, comprising an aperture plate (8) with an 
aperture (7) located over the movable member 
(9). 

20 7. Optical component as in any of the preceding 
claims, wherein the resilient suspension means 
comprise at least two substantially parallel re- 
silient beams (5a,5b ; 5g,5h ; 42a,42b). 

25 8. Optical component as in claim 7, wherein the 
resilient suspension means further comprise at 
least two movable bars (30,31) which are con- 
nected via resilient beams (5a,5b,5g,5h) to the 
frame (12) and via additional resilient beams 

30 (5c,5d,5e,5f) to the movable member (9). 

9. Optical component as in claims 7 or 8, wherein 
the cross section of the resilient beams (5a-5h 
; 75) increases towards the ends of the beams, 

35 thus avoiding excessive bending of the beams 

at their ends. 

10. Optical component as in any of the preceding 
claims, comprising mechanical stops (23,24) 

*o for limiting the movement of the movable 

member (9). 

11. Optical component as in any of the preceding 
claims, wherein drive means for the controlled 

45 movement of the movable member (9) are 

provided, said drive means comprising a push 
bar (15) connected to the. slit member (9), a 
gear arrangement (17,19) connected to the 
push bar, arid a motor connected to the gear 

50 arrangement. 

12. Optical component as in any of the preceding 
claims, wherein the movable member (9) com- 
prises a plurality of regions (10,11) each of" 

55 . which provides a different optical function (for 
example, slit function, shutter function, filter 
function), respectively, when arranged in an 
incoming light beam (37). 
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13. Use., of an optical component as in any of the 
preceding claims in a spectrophotometer. 
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